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INVENTION: METHOD AND APPARATUS FOR AUTOMATICALLY 
PRODUCING CLOCK SIGNALS FOR SAMPLING DATA 
SIGNALS AT DIFFERENT DATA RATES VIA A PHASE 
LOCKED LOOP 

Assistant Commissioner for Patents, 
Washington, D.C. 20231 

Sir: 

Please amend the above-identified International Application before entry 
into the National stage before the U.S. Patent and Trademark Office under 35 
U.S.C. §371 as follows: 
In the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 
SPECIFICATION 
TITLE OF THE INVENTION 
METHOD AND APPARATUS FOR AUTOMATICALLY PRODUCING CLOCK 
SIGNALS FOR SAMPLING DATA SIGNALS AT DIFFERENT DATA RATES 
VIA A PHASE LOCKED LOOP 



BACKGROUND OF THE INVENTION 
The high level of transparency of optical networks with regard to data 
transmission rates and the use of different transmission methods and transmission 
protocols for the transmission of digital information (for example, the Synchronous 
5 Digital Hierarchy SDH, Gigabit-Ethernet, Fiber Channel) requires future devices 
for data regeneration and for reproduction of the amplitude, flank and clock of a 
transmitted digital data signal or data stream - also referred to as "3R data 
regeneration". 

Apparatuses for producing a clock signal from a digital data stream or from 

10 a data signal stream are known. Phase/frequency control loops or phase locked 
loops are frequently used for clock recovery and include, for example, a phase 
discriminator, a frequency discriminator, a loop filter, voltage controlled oscillators 
(also referred to as VCOs) and variable digital frequency dividers. The function of 
phase locked loops for clock recovery from a digital data stream and for sampling 

15 of the digital data stream to be regenerated via a sampling flipflop are sufficiently 
well known to those skilled in the art, such that their method of operation will not 
be described in further detail. 

Various methods for determining the data transmission rate of the digital 
data stream are used to preset the phase locked loop. All the methods used, in 

20 particular, in wide area networks or WAN communications networks are based on 
more or less exactly determining the statistically distributed flank changes in the 
data stream within a defined observation time period. Conclusions can be drawn on 
the actual data transmission rate from the number of flank changes identified. These 
methods are also referred to as flank density analyses. Apart from the described 

25 flank density analysis, period duration measurements of individual bits are also 
used for low transmission rates. 

Byway of example, Laid-Open Specification DE 197 04 299 Al describes 
an apparatus for producing a clock signal from a data signal, and a bit rate 
identification device for determining the bit rate of the incoming data signal. The 

30 apparatus includes a phase/frequency control device and a frequency divider device 
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which is arranged in the feedback part of the phase/frequency control device and 
can be switched via a data word. The switchable frequency divider device is 
connected to the bit rate identification device, to which the digital data stream and 
at least one reference frequency signal can be supplied. The bit rate identification 
5 device provides a bit-rate-dependent data word as a function of the applied 
reference frequency signal and the digital data stream passed to it. This is then 
supplied to the frequency divider device arranged in the phase/frequency control 
device. The described apparatus for producing a clock signal from a digital data 
signal or data stream has the disadvantage that the resolution of the identification 

10 circuit is highly limited; that is, digital data stream transmission rates which differ 
by less than a factor of 4 cannot be distinguished reliably in this way. A further 
disadvantage is the risk of false synchronization to side lines in the frequency 
spectrum during the transmission of certain data contents, for example, when 
transmitting AIS information in SDH signals (Synchronous Digital Hierarchy). 

1 5 The present invention is, therefore, directed toward improving the 

production of a clock signal from a transmitted digital data signal during a 
synchronization process and, in particular, the synchronization of the clock signal to 
the incoming digital data signal. 

SUMMARY OF THE INVENTION 

20 The method according to the present invention provides for automatic 

production of clock signals for sampling data signals at different data rates via a 
phase locked loop. A major aspect of the method according to the present invention 
is that, during a synchronization process, the data signal is sampled successively 
using a clock signal at different frequencies, which are associated with different 

25 transmission protocols, and is checked for the presence of protocol identification 
information associated with the selected clock signal, until protocol identification 
information is detected. 

A major advantage of the method according to the present invention is that 
the link between the detection of the transmission rate of the transmitted digital data 

30 signal and the detection of the transmission protocol that is matched to the 
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frequency of the digital data signal or of the clock signal that is produced avoids 
false synchronization of the clock signal that is produced to side lines, harmonics 
and subharmonics of the transmission frequency or transmission rate of the data 
signal. The method according to the present invention also makes it possible to 
5 distinguish reliably between transmission rates that are arranged adjacent in the 
frequency domain, for example, distinguishing between "Gigabit-Ethernet" at a 
transmission rate of 1 .25 Gbit/s and "Fiber Channel" at a transmission rate of 
1.064 Gbit/s. A further advantage of the method according to the present invention 
is that it allows the transmission rate to be set automatically to "3R data 

10 regeneration" for frame-oriented transmission methods, and automatic identification 
of the respective transmission protocol. In future optical communication networks, 
the method according to the present invention will allow not only pure wavelength 
conversion via flexible "3R data regeneration", but also analysis of the respectively 
transmitted digital data signals or data streams, for example, for the preprocessing 

15 of statistics, in order to provide network planning, or for volume-dependent billing. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
20 Figure 1 shows a circuit arrangement for producing a clock signal, according 

to the present invention, from a transmitted digital data stream. 

Figure 2 shows an example of a tabular representation of the binary 
information which is required to carry out the method according to the present 
invention and is stored in a memory in the circuit arrangement. 
25 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 uses a block diagram to show an exemplary embodiment of a 
circuit arrangement for producing a clock signal ts from a digital data signal or data 
stream ds passed to it. The circuit arrangement illustrated in Figure 1 is subdivided 
into two functional circuit units PLL, RD, which are each represented by a rectangle 
30 with a dashed-dotted outline. The first functional circuit unit includes a 
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phase/frequency control device (PLL), which is generally known to those skilled in 
the art and is also referred to as a phase locked loop or PLL circuit. The second 
circuit unit includes a frame identification RD, which is connected to the 
phase/frequency control device (PLL) and is also referred to in the following text as 
5 frame detector. 

A digital data stream ds transmitted with the aid of a transmission protocol 
is passed to one input ET of the phase/frequency control device PLL and is passed 
on to an input EF of a sampling flipflop AFF. In the exemplary embodiment, it is 
assumed that the data stream ds is transmitted in accordance with the Synchronous 

10 Digital Hierarchy SDH. The Synchronous Digital Hierarchy is based on 

synchronous transmission of user information using synchronous transport modules 
(also referred to as STM) with a standard structure. The basic transport module is 
the STM-1 frame, with a data transmission rate of 155 Mbit/s. Each STM-1 frame 
includes a matrix of 9 rows each having 270 data octets. The frame has a repetition 

15 frequency of 125 us, and the transmission is carried out at a bit rate of 

155.520 Mbit/s. The STM-1 frame is inserted into a payload and an overhead, with 
the first 9 octets in all 9 rows containing the overhead, and the remaining columns 
containing the payload. The overhead contains information which is required to 
operate SDH systems, and these are also referred to as section overheads (SOH) and 

20 are transported in the SOH areas of the overhead. The SOH areas contain, for 
example, the Al and A2 bytes, which are known to those skilled in the art, and 
which each represent frame identification information. 

The data input ET of the phase/frequency control device PLL is at the same 
time connected to a first input EP of a discriminator unit DE. A reference signal f Ref 

25 at a reference frequency is passed to a second input EF of the discriminator unit DE. 
The discriminator unit DE is functionally subdivided into two components, a phase 
discriminator PD and a frequency window discriminator FD, each indicated by a 
rectangle with a dashed outline. 

The discriminator unit DE is connected via an output AP to an input EL of a 

30 loop filter LF, which is, in turn, connected via an output AL to an input EV of a 
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voltage controlled oscillator VCO. A first and a second variable digital frequency 
divider T1,T2 is each connected via an input ET to an output AV of the voltage 
controlled oscillator VCO. The first digital frequency divider Tl is connected to a 
clock input CLK of the phase discriminator PD, and the second digital frequency 
5 divider T2 is connected to a divider input ETF of the frequency window 

discriminator FD, in each case via an output AT. The described discriminator unit 
DE, including a phase window discriminator PD and a frequency window 
discriminator FD, as well as the loop filter LF, the voltage controlled oscillator 
VCO and the two variable digital frequency dividers Tl, T2 are functional 

1 0 components of a generally known phase locked loop, whose function for recovery 
of the clock from the data stream ds passed to it in addition to the sampling of the 
data stream ds to be regenerated in conjunction with the sampling flipflop AFF are 
sufficiently well known to those skilled in the art, and will not be described in any 
more detail in the following text. 

1 5 The phase/frequency control device PLL has a clock output CA which is 

connected to the output AT of the first frequency divider Tl, and to which the clock 
signal ts which is produced is passed. The output AT of the first frequency divider 
Tl is^ in turn, connected to a clock input CLK of the sampling flipflop AFF. The 
sampling flipflop AFF is connected via an output AF to a data output AT of the 

20 phase/frequency control device PLL, to which the data stream cds, regenerated via 
the sampling flipflop AFF, is passed. Furthermore, the output AF of the sampling 
flipflop AFF is connected to an input ES of a shift register SR arranged in the frame 
identification unit RD. The shift register SR has a clock input CLK which is 
connected to the output AT of the first frequency divider Tl. 

25 Furthermore, a memory MEM is arranged in the frame identification unit 

RD and is connected via a connecting line to a control unit STRG arranged in the 
frame identification unit RD. A table tab, illustrated in Figure 2, is stored in the 
memory MEM. The illustrated table tab has a number of table entries tel...n, with 
each table entry tel ...n having a respectively associated, defined transmission 

3 0 protocol. Each table entry te 1 . . .n is used to store protocol identification information 
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PHD 1 . . .n which uniquely identifies the respectively defined transmission protocol 
(for example, the frame identification information contained in the overhead 
information, in this case the Al and A2 bytes) control loop control information 
PLL_WORDl...n for setting the phase/frequency control device PLL to the 
5 transmission rate to be expected for the data stream ds, and further overhead control 
information CNT_WDl...n for optional protocol-specific evaluation and processing 
of the overhead information arranged in the respective data packets or data frames 
of the data stream ds, cds. The overhead control information CNT_WDl...n can be 
used to evaluate, and if necessary to recalculate, for example^ the Bl byte contained 

10 in the overhead information in a data stream transmitter using the SDH 
transmission method. 

The control unit STRG is connected via a data bus DB having a number of 
data lines to a memory register MR, which is arranged in the frame identification 
unit RD and to which protocol identification information PIDl...n which is stored in 

15 the memory MEM can be transmitted and stored therein, indicated by a rectangle 
with a dashed outline. The shift register SR and the memory register MR are 
connected via respective outputs AS, AM and a respective number of data lines 
DLl...n to corresponding inputs EC of a comparator unit COMP. The comparator 
COMP has comparison capabilities which are used to compare the binary 

20 information or data words applied to the inputs EC, and the comparison result is 
transmitted in the form of a data signal int via an output AC and a signaling line 
SCS to an input ES of the control unit STRG. 

The data bus DB is also used to connect the control unit STRG to a register 
unit REG, which is connected via first outputs Al and via first control lines SL1 to 

25 a control input S of the frequency window discriminator FD, via second outputs A2 
and via second control lines SL2 to corresponding control inputs S of the second 
controllable frequency divider T2, via third outputs A3 and third control lines SL3 
to corresponding inputs S of the first controllable frequency divider Tl, and via 
fourth outputs A4 and fourth control lines SL4 to corresponding inputs S of the 

30 voltage controlled oscillator VCO. The register unit REG has one or more memory 
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registers (Figure 1 shows only one memory register, in the form of a rectangle with 
a dashed outline) in each of which the control device control information 
PLL_WORDl ...n stored in the memory MEM, or control words or binary 
information derived from such control information, can be stored, via which the 
5 circuitry components, in this case FD, PD, LF, VCO, Tl and T2 4 arranged in the 
phase/frequency control device PLL can be controlled. Alternatively, analog signals 
can be derived from the control words stored in the register REG, and can be 
supplied to the circuitry components. 

The frame identification unit RD also has a control/monitoring interface SS, 

10 which is connected to the control unit STRG via a connecting line. 

The method, which can be implemented via the circuit arrangement 
illustrated in Figure 1, for producing a clock signal ts from the digital data stream ds 
transmitted with the aid of a transmission protocol optionally allows both the 
manual and automatic selection of a transmission protocol, and corresponding 

1 5 presetting of a data transmission rate matched to the selected transmission protocol. 
The method for producing the clock signal ts on the basis of manual selection, also 
referred to as a manual operating mode, and on the basis of automatic selection, 
also referred to as an automatic operating mode - of the transmission protocol and 
of the associated data transmission rate is explained in more detail in the following 

20 text with reference to the circuit arrangement illustrated in Figure 1 . For the further 
exemplary embodiment, it is assumed that the digital data stream ds is transmitted 
with the aid of a frame-oriented transmission protocol, in this case STM-1, to the 
input ET of the phase/frequency control device (PLL) and is passed on to the data 
input EF of the sampling flipflop AFF. 

25 Manual operating mode 

During manual operation of the circuit arrangement, the transmission 
protocol with which the digital data stream ds is transmitted to the data input EF of 
the sampling flipflop AFF is known. On the basis of the knowledge of the 
transmission protocol, the control unit STRG arranged in the frame identification 

3 0 unit RD selects the first table entry te 1 that is associated with the STM- 1 



transmission protocol in the table tab and reads the corresponding control loop 
control information, in this case PLL_WORDl, from the memory MEM, and 
transmits this via the data bus DB to the corresponding register or registers in the 
register unit REG. Alternatively, further control information can be derived from 
5 the transmitted control loop control information PLL_WORD, and can be stored in 
the corresponding register in the register unit REG. According to a further 
embodiment (not illustrated) a number of control words or control device control 
information items associated with the STM-1 transmission protocol also can be 
stored in the respective table entries tel ...n in the table tab (not illustrated in Figure 

10 2), which are transmitted via the data bus DB to corresponding registers in the 
register unit REG. The transmission of the control loop control information 
PLL_WORDl...n stored in the memory MEM allows the circuitry components 
VCO, Tl, T2, FD, PD, LF to be preset to the corresponding data transmission rate 
of the incoming digital data stream ds J in this case 155 Mbit/s. Furthermore, the 

1 5 control unit STRG reads the protocol identification information, in this case PED 1 , 
associated with the selected transmission protocol, in this case STM-1, from the 
corresponding table entry tel in the table tab, and transmits this via the data bus DB 
to the memory register MR, in which it is temporarily stored. In this exemplary 
embodiment, the frame identification word which is specific for the STM-1 

20 transmission protocol and includes the last Al and the first A2 byte of the overhead 
information is transmitted as the protocol identification information PID1 to the 
memory register REG. 

As already explained, the phase locked loop which is arranged in the 
phase/frequency control device PLL is matched to the data transmission rate of the 

25 incoming digital data stream ds via the control loop control information 

PLL_WORDl stored in the register unit REG. Byway of example, the transmission 
of appropriate control information si2,3 via the control lines SL2 and SL3 sets the 
controllable frequency dividers Tl, T2 such that the frequency of the signal 
delivered from the voltage controlled oscillator VCO is divided as appropriate for 

3 0 matching of the optimum operating point of the phase discriminator PD and of the 



9 



frequency window discriminator FD. Additional control information, in this case 
si4, transmitted via the fourth control line SL4 is used to provide any possibly 
required presetting or switching of the voltage controlled oscillator VCO. 
According to one alternative embodiment of the circuit arrangement, a number of 
5 voltage controlled oscillators VCO can be arranged in the phase/frequency control 
device PLL, in which case one voltage controlled oscillator VCO, which is matched 
to the data transmission rate of the incoming digital data stream ds, in each can case 
be selected with the aid of the fourth control signal si4. 

According to a further embodiment of the circuit arrangement, which is not 

1 0 illustrated in Figure 1 , the loop filter LF arranged in the phase/frequency control 
device PLL is likewise controlled as a function of the control loop control 
information PLL_WORDl...n stored in the register unit REG. 

The digital data stream cds sampled with the aid of the recovered clock 
signal ts is read to the shift register SR, that is to say the shift register SR contains 

1 5 the data bits read with the aid of the recovered clock ts. Alternatively, the data 

stream ds which is applied to the input ET but is not sampled also can be read to the 
shift register SR, which is clocked by the clock signal ts, via a connecting line, 
indicated by a dashed connecting line in Figure 1. 

The bit sequence read to the shift register SR is permanently compared by 

20 the comparator unit COMP with the protocol identification information, in this case 
pidl, temporarily stored in the memory register MR. If the comparator unit COMP 
finds a match or a partial match between the digital bit sequence that is read and the 
protocol identification information pidl, a corresponding control signal int is 
generated in the comparator unit COMP, and is transmitted via the control line SCS 

25 to the control unit STRG. The transmission of the control information int to the 

control unit STRG indicates the identification of the selected transmission protocol, 
in this case STM1, and the setting of the associated data transmission rate for the 
phase/frequency control device PLL. 

In order to improve the synchronization of the clock signal ts that is 

30 produced to the incoming digital data stream ds, according to a further embodiment 
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that is not illustrated, the control unit STRG checks whether the protocol 
identification information, in this case pidl, is identified more than once, for 
example three times, in a cycle time which is specific for the selected transmission 
protocol. If the transmission protocol being used resulting the frame sequence being 
5 asynchronous, for example when using the Gigabit-Ethernet transmission protocol, 
this embodiment allows the pause pattern, or "hiterframe Gap", to be analyzed. 

When the selected or expected protocol identification information pidl is 
identified in the sampled data stream cds, the start of data transmission can be 
recorded via the control unit STRG. If there are no periodically produced data 

10 frames, for example when using the STM-1 transmission protocol, it is 

advantageously possible in conjunction with further parameters, for example loss of 
the signal (LOS) or optical level, to deduce that there is a fault or that this is the end 
of transmission. In the situation where the phase locked loop which is arranged in 
the phase/frequency control device PLL becomes synchronized to an adjacent 

15 transmission rate, for example PDH at 140 Mbit/s, the analysis of the incoming data 
frames according to the present invention makes it possible to identify and record 
the fact that the preselected transmission protocol is not being used and/or has not 
been identified. If, for example, the preselected transmission protocol is not 
identified, termination of the connection can be initiated automatically. 

20 Automatic operation 

When using the circuit arrangement illustrated in Figure 1 in the automatic 
operating mode, the clock signal ts which is produced by the phase/frequency 
control device PLL should be synchronized without any operator action to the 
digital data stream arriving at the data input ET, allowing subsequent "3D data 

25 regeneration" of the digital data stream ds. For this purpose, all the transmission 
protocols to be expected are stored in the table tab arranged in the memory MEM, 
together with the associated protocol- specific protocol identification information 
pidl...n and the associated control device control information PLL_WORDL..n for 
setting the phase/frequency control device PLL to the data transmission rate to be 

30 expected. When the automatic operating mode is activated, this causes the control 
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unit STRG to transmit the protocol identification information PID1 ...n and control 
device control information PLL_WORDl...n arranged in the table tab of the 
memory MEM step-by-step in the described manner and cyclically to the register 
unit REG and, respectively, to the memory register MR, until the comparator unit 
5 COMP identifies a defined transmission protocol stored in the table tab, and signals 
this to the control unit STRG. When a transmission protocol stored in the memory 
MEM is identified, the cyclic processing of the table tab arranged in the memory 
MEM is ended. If the currently selected transmission protocol is not identified, the 
described, successive run through the stored protocol identification information 
1 0 PID 1 . . .n and control device control information PLL WORD 1 . . .n is carried out 
once again, after a predefined, protocol-specific delay. 

The automatic protocol search sequence can be enabled only by an operator 
action. According to a further advantageous embodiment, selective enabling can be 
carried out by selection of the transmission protocols stored in the table tab via an 
1 5 appropriate identifier in the respective table entries te 1 . . .n. 

hi order to further improve the synchronization monitoring, the current state 
of the phase/frequency control device PLL can be detected with the aid of a 
generally known lock detector (not illustrated) which is also arranged in the 
phase/frequency control device PLL, and can be signaled to the control unit STRG. 
20 The control/monitoring interface SS which is connected to the control unit 

STRG allows the table entries tel ...n which are stored in the memory MEM to be 
processed and updated and, in addition to the monitoring of the respectively 
transmitted transmission protocols, allows the enabling of specific transmission 
protocols to be controlled. The control/monitoring interface SS also makes it 
25 possible to switch between the described manual or automatic operating modes. The 
control/monitoring interface SS can, for example, be connected to a higher-level 
network administration unit or network management unit so that, for example, it is 
possible for a network operator to monitor and to control the data transmission rate 
of the digital data stream ds arriving at the phase/frequency control device PLL. 
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The linking, according to the present invention, of the presetting of the data 
transmission rate to be expected to the phase/frequency control device PLL (which 
is generally known to those skilled in the art) and the checking of the transmission 
protocol used for transmitting the digital data stream by partial evaluation of the 
5 overhead information contained in the individual data frames avoids false 

synchronization of the clock signal to side lines, harmonics and subharmonics of 
the data transmission rate. The method according to the present invention also 
makes it possible to distinguish reliably between data transmission rates which are 
separated only slightly, by evaluation of the various overhead information items. 

1 0 Although the present invention has been described with reference to specific 

embodiments, those of skill in the art will recognize that changes maybe made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 

ABSTRACT OF THE DISCLOSURE 

15 A method and system for automatically producing clock signals for 

sampling data signals at different data rates via a phase locked loop, wherein in a 
synchronization process by means of the phase locked loop, a data signal is sampled 
successively using a clock signal at different frequencies, which are associated with 
different transmission protocols, and is checked for the presence of protocol 

20 identification information associated with the selected clock signal, until protocol 
identification information is detected such that the frequency resolution of the phase 
locked loop is advantageously increased, and the synchronization of the clock signal 
to the data signal is tes improved. 
In the Claims : 

25 On page 15, cancel line 1 and substitute the following left-hand justified 

heading therefor: 
CLAIMS 

Please cancel claims 1-14, without prejudice, and substitute the following 
claims therefor: 
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15. A method for automatically producing clock signals for sampling 
data signals at different data rates via a phase locked loop, the method comprising 
the steps of: 

sampling, during a synchronization process, the data signal successively 
using a clock signal at different frequencies which are associated with different 
transmission protocols; and 

checking the data signal, during the synchronization process, for the 
presence of protocol identification information associated with the selected clock 
signal until the protocol identification information is detected. 

16. A method for automatically producing clock signals for sampling 
data signals at different data rates via a phase locked loop as claimed in claim 15, 
wherein the protocol identification information is included in an overhead of a data 
frame. 

17. A method for automatically producing clock signals for sampling 
data signals at different data rates via a phase locked loop as claimed in claim 15, 
wherein the protocol identification information represents a pause signal. 

18. A method for automatically producing clock signals for sampling 
data signals at different data rates via a phase locked loop as claimed in claim 16, 
the method further comprising the step of: 

processing, once the protocol identification information has been detected, 
at least some of respective overhead information. 

19. An apparatus for automatically producing clock signals for sampling 
data signals, which are transmitted with the aid of transmission protocols, at 
different data rates, the data signals having at least one binary protocol 
identification information item which uniquely identifies the transmission protocol, 
the apparatus comprising: 



14 



a phase locked loop for synchronization of the clock signal to the digital 
data signal passed to a phase/frequency control device; 

at least one controllable frequency divider device arranged in a feedback 
path of the phase/frequency control device; 
5 a sampling device for sampling the data signal with the aid of the clock 

signal; 

a control unit for setting the clock signal to a frequency which corresponds 
to a transmission protocol; and 

a protocol detector in which the control unit is arranged, the protocol 
10 detector storing at least a portion of the sampled data signal and investigating the 
sample data signal for the protocol identification information and transmitting an 
investigation result to the control unit which, if there is no protocol identification 
information, selects further defined frequencies for the clock signal until the 
protocol identification information is identified in the sampled data signal. 

15 

20. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 19, further comprising: 

a memory connected to the control unit, the memory arranged in the 
protocol detector for storing at least one binary protocol identification information 

20 item and at least one control device control information item associated with the 

respective protocol identification information item and controlling the phase locked 
loop on a protocol-specific basis, wherein the control unit forms at least one control 
signal from the at least one control device control information item, with the at least 
one control signal being transmitted to the phase locked loop; and 

25 a detector connected to the control unit and arranged in the protocol detector 

for detecting the stored protocol identification information which is associated with 
the at least one control device control information item in the sampled data signal, 
wherein the detector produces a control signal representing a detection result which 
is transmitted to the control unit, and wherein the control unit is designed such that 

30 at least one control signal, representing a frequency divider control information 
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item, is formed from the at least one stored control device control information item 
and is transmitted to the at least one frequency divider device. 

21 . An apparatus for automatically producing clock signals for sampling 
5 data signals as claimed in claim 20, wherein the control unit is designed such that, if 

a number of protocol identification information items are stored in the memory, the 
control device control information items associated with the number of protocol 
identification information items are transmitted successively to the phase locked 
loop, and the respectively associated protocol identification information items are 
10 detected successively in the sampled data stream, with the control device control 
information items being transmitted successively as a function of the detection 
result. 

22. An apparatus for automatically producing clock signals for sampling 
1 5 data signals as claimed in claim 20, wherein the detector further comprises: 

a shift register to which the sample data signal, the data signal and the clock 
signal are passed; 

a comparator connected to both the shift register and the control unit; and 
a memory register connected to both the comparator and the control unit for 
20 temporary storage of protocol identification information; 

wherein the comparator is designed such that the protocol identification 
information stored in the memory register is compared with the data signal read to 
the shift register and a comparison result is transmitted to the control unit with the 
aid of the control signal. 

25 

23. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 20, wherein different protocol identification 
information items and overhead control information items associated therewith are 
stored in the memory, the sample data signal is supplied to an overhead processing 

30 unit which is connected to the control unit for processing protocol-specific 
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overhead information included in the data signal, and the overhead processing unit 
and the control unit are designed such that the overhead information is processed as 
a function of the at least one overhead control information item associated with the 
detected transmission protocol. 

5 

24. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 20, further comprising: 

a control/monitoring interface to which the control unit is connected, via 
which the information stored in the memory can be updated and detection results 
10 can be transmitted to a higher-level communications unit. 



25. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 20, wherein a number of voltage controlled 
oscillators can be selected as a function of the control device control information. 



26. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 20, further comprising: 

a frequency window discriminator provided in the phase locked loop which 
defines a frequency of the clock signal as a function of the control device control 
20 information and is set by the control unit. 

27. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 19, further comprising: 

a loop filter provided in the phase locked loop which is set by the control 

25 unit. 

28. An apparatus for automatically producing clock signals for sampling 
data signals as claimed in claim 15, wherein the transmission protocol is selected 
from the group consisting of STM-1, STM-4, STM-16, fiber channel and Gigabit- 

30 Ethernet protocols. 
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REMARKS 



The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
5 added thereby. Attached hereto is a marked-up version of the changes made to the 
specification by the present amendment. The attached page is captioned "Version 
With Markings To Show Changes Made". 

hi addition, the present amendment cancels original claims 1-14 in favor of 
new claims 1 5-28. Claims 15-28 have been presented solely because the revisions 

10 by crossing out and underlining which would have been necessary in claims 1 - 1 4 in 
order to present those claims in accordance with preferred United States Patent 
Practice would have been too extensive, and thus would have been too burdensome. 
The present amendment is intended for clarification purposes only and not for 
substantial reasons related to patentability pursuant to 35 U.S.C. §§103, 102, 103 or 

15 112. Indeed, the cancellation of claims 1-14 does not constitute an intent on the 
part of the Applicants to surrender any of the subject matter of claims 1-14. 



Early consideration on the merits is respectfully requested. 
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D e scription 

SPECIFICATION 
TITLE OF THE INVENTION 
METHOD AND APPARATUS FOR AUTOMATICALLY PRODUCING CLOCK 
5 SIGNALS FOR SAMPLING DATA SIGNALS AT DIFFERENT DATA RATES 
VIA A PHASE LOCKED LOOP 
Method and arrangement for automatically producing clock signals for sampling 
data signals at different data ratca by means of a phase locked loop 

1 o The high level of transparency of optical networks with regard to data 

transmission rates and the use of different transmission methods and transmission 
protocols for the transmission of digital information (for example i the Synchronous 
Digital Hierarchy SDH, Gigabit-Ethernet, Fiber Channel) requires future devices 
for data regeneration and for reproduction of the amplitude, flank and clock of a 

15 transmitted digital data signal or data stream - also referred to as "3R data 
regeneration". 

Apparatuses for producing a clock signal from a digital data stream or from 
a data signal stream are known. Phase/frequency control loops or phase locked 
loops are frequently used for clock recovery and include , for example, comprise a 

20 phase discriminator, a frequency discriminator, a loop filter, voltage controlled 
oscillators £also referred to as VCOs) and variable digital frequency dividers. The 
function of phase locked loops for clock recovery from a digital data stream and for 
sampling of the digital data stream to be regenerated by moans of via a sampling 
flipflop are sufficiently well known to those skilled in the art, se such that their 

25 method of operation will not be described in any more further detail. 

Various methods for determining the data transmission rate of the digital 
data stream are used to preset the phase locked loop. All the methods used^ in 
particular! in wide area networks or WAN communications networks are based on 
more or less exactly determining the statistically distributed flank changes in the 

30 data stream within a defined observation time period. Conclusions can be drawn on 
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the actual data transmission rate from the number of flank changes identified. These 
methods are also referred to as flank density analyses. Apart from the described 
flank density analysis, period duration measurements of individual bits are also 
used for low transmission rates. 
5 By way of example, Laid-Open Specification DE 1 97 04 299 Al describes 

an apparatus for producing a clock signal from a data signal, and a bit rate 
identification device for determining the bit rate of the incoming data signal. The 
apparatus comprises includes a phase/frequency control device and a frequency 
divider device which is arranged in the feedback part of the phase/frequency control 

10 device and can be switched by moans of via a data word. The switchable frequency 
divider device is connected to the bit rate identification device, to which the digital 
data stream and at least one reference frequency signal can be supplied. The bit rate 
identification device provides a bit-rate-dependent data word as a function of the 
applied reference frequency signal and the digital data stream passed to it^ and this 

1 5 This is then supplied to the frequency divider device arranged in the 

phase/frequency control device. The described apparatus for producing a clock 
signal from a digital data signal or data stream has the disadvantage that the 
resolution of the identification circuit is highly limited^; that is, to oay digital data 
stream transmission rates which differ by less than a factor of 4 cannot be 

20 distinguished reliably in this way. A further disadvantage is the risk of false 

synchronization to side lines in the frequency spectrum during the transmission of 
certain data contents; for example,, when transmitting AIS information in SDH 
signals (Synchronous Digital Hierarchy). 

The present invention is , therefore, directed toward b ased on the object of 

25 improving the production of a clock signal from a transmitted digital data signal 

during a synchronization process and, in particular, the synchronization of the clock 
signal to the incoming digital data signal. The object in achieved by a method and 
by an arrangement based on a method and an arrangement according to the features 
of the procharactorizing clause of patent claims 1 and 5, by virtue of the 

30 characterizing features in these claims. 



20 



Cv/ 9366/0 
SSIfctfaFCT/;. 14 SEP 2001 

SUMMARY OF THE INVENTION 
The method according to the present invention provides for automatic 
production of clock signals for sampling data signals at different data rates by 
means of via a phase locked loop. T-he A major aspect of the method according to 
5 the present invention is that, during a synchronization process, the data signal is 
sampled successively using a clock signal at different frequencies, which are 
associated with different transmission protocols, and is checked for the presence of 
protocol identification information associated with the selected clock signal, until 
protocol identification information is detected. 

I o T-he-A maj or advantage of the method according to the present invention is 

that the link between the detection of the transmission rate of the transmitted digital 
data signal and the detection of the transmission protocol that is matched to the 
frequency of the digital data signal or of the clock signal that is produced avoids 
false synchronization of the clock signal that is produced to side lines, harmonics 

1 5 and subharmonics of the transmission frequency or transmission rate of the data 
signal. The method according to the present invention also makes it possible to 
distinguish reliably between transmission rates that are arranged adjacent in the 
frequency domain; for example, distinguishing between "Gigabit-Ethernet" at a 
transmission rate of 1.25 Gbit/s and "Fiber Channel" at a transmission rate of 

20 1 .064 Gbit/s. A further advantage of the method according to the present invention 
is that it allows the transmission rate to be set automatically to "3R data 
regeneration" for frame-oriented transmission methods, and automatic identification 
of the respective transmission protocol. In future optical communication networks, 
the method according to the present invention will allow not only pure wavelength 

25 conversion by means of via flexible "3R data regeneration", but also analysis of the 
respectively transmitted digital data signals or data streams; for example,, for the 
preprocessing of statistics, in order to provide network planning, or for volume- 
dependent billing. 
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Additional features and advantages of the present inve ntion are described in, 
and will be apparent from, the following Detailed Description of t he Invention and 
the Figures. 

Further advantageous rofmcmonto of tho method according to the invention, and an 
5 arrangement for automatically producing clock signals, can be found in the further 

The method according to tho invention will bo explained in more detail in the 
following text with reference to tho drawings, in which: 

BRIEF DESCRIPTION OF THE FIGURES 

10 Figure 1 shows a circuit arrangement for producing a clock signal, according 

to the present invention, from a transmitted digital data streamrafid^ 

Figure 2 shows an example of a tabular representation of the binary 
information which is required to carry out the method according to the present 
invention and is stored in a memory in the circuit arrangement. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 uses a block diagram to show an exemplary embodiment of a 
circuit arrangement for producing a clock signal ts from a digital data signal or data 
stream ds passed to it. The circuit arrangement illustrated in Figure 1 is subdivided 
into two functional circuit units PLL, RD, which are each represented by a rectangle 

20 with a dashed-dotted outline. The first functional circuit unit comprises includes a 
phase/frequency control device (PLL), which is generally known to those skilled in 
the art and is also referred to as a phase locked loop or PLL circui t, and the Jig 
second circuit unit comprises includes a frame identification RD, which is 
connected to the phase/frequency control device (PLL) and is also referred to in the 

25 following text as frame detector. 

A digital data stream ds transmitted with the aid of a transmission protocol 
is passed to one input ET of the phase/frequency control device PLL and is passed 
on to an input EF of a sampling fiipflop AFF. In the exemplary embodiment, it is 
assumed that the data stream ds is transmitted in accordance with the Synchronous 

30 Digital Hierarchy - SDH. The Synchronous Digital Hierarchy is based on 
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synchronous transmission of user information using synchronous transport modules 
(also referred to as STM) with a standard structure. The basic transport module is 
the STM-1 frame, with a data transmission rate of 155 Mbit/s. Each STM-1 frame 
compriocs includes a matrix of 9 rows each having 270 data octets. The frame has a 
repetition frequency of 125 us, and the transmission is carried out at a bit rate of 
155.520 Mbit/s. The STM-1 frame is inserted into a payload and an overhead, with 
the first 9 octets in all 9 rows containing the overhead, and the remaining columns 
containing the payload. The overhead contains information which is required to 
operate SDH systems, and these are also referred to as section overheads {SOH} and 
are transported in the SOH areas of the overhead. The SOH areas contain, for 
example, the Al and A2 bytes, which are known to those skilled in the art, and 
which each represent frame identification information. 

The data input ET of the phase/frequency control device PLL is at the same 
time connected to a first input EP of a discriminator unit DE. A reference signal f Re f 
at a reference frequency is passed to a second input EF of the discriminator unit DE. 
The discriminator unit DE is functionally subdivided into two components, a phase 
discriminator PD and a frequency window discriminator FD 2 each indicated by a 
rectangle with a dashed outline. 

The discriminator unit DE is connected via an output AP to an input EL of a 
loop filter LF, which is^ in turn, connected via an output AL to an input EV of a 
voltage controlled oscillator VCO. A first and a second variable digital frequency 
divider T1,T2 is each connected via an input ET to an output AV of the voltage 
controlled oscillator VCO. The first digital frequency divider Tl is connected to a 
clock input CLK of the phase discriminator PD, and the second digital frequency 
divider T2 is connected to a divider input ETF of the frequency window 
discriminator FD, in each case via an output AT. The described discriminator unit 
DE, comprising including a phase window discriminator PD and a frequency 
window discriminator FD, as well as the loop filter LF, the voltage controlled 
oscillator VCO and the two variable digital frequency dividers Tl, T2 are functional 
components of a generally known phase locked loop, whose function for recovery 
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of the clock from the data stream ds passed to it in addition to the sampling of the 
data stream ds to be regenerated in conjunction with the sampling flipflop AFF are 
sufficiently well known to those skilled in the art, and will not be described in any 
more detail in the following text. 
5 The phase/frequency control device PLL has a clock output CA which is 

connected to the output AT of the first frequency divider Tl, and to which the clock 
signal ts which is produced is passed. The output AT of the first frequency divider 
Tl is, in turn, connected to a clock input CLK of the sampling flipflop AFF. The 
sampling flipflop AFF is connected via an output AF to a data output AT of the 
1 0 phase/frequency control device PLL, to which the data stream cds, regenerated by 
means of via the sampling flipflop AFF, is passed. Furthermore, the output AF of 
the sampling flipflop AFF is connected to an input ES of a shift register SR 
arranged in the frame identification unit RD. The shift register SR has a clock input 
CLK ? which is connected to the output AT of the first frequency divider Tl . 
1 5 Furthermore, a memory MEM is arranged in the frame identification unit 

RD and is connected via a connecting line to a control unit STRG arranged in the 
frame identification unit RD. A table tab, illustrated in Figure 2, is stored in the 
memory MEM. The illustrated table tab has a number of table entries tel...n, with 
each table entry tel . ..n having a respectively associated, defined transmission 
20 protocol. Each table entry tel . . .n is used to store protocol identification information 
PIDl...n which uniquely identifies the respectively defined transmission protocol 
(for example, the frame identification information contained in the overhead 
information, in this case the Al and A2 bytes) control loop control information 
PLL_WORDl...n for setting the phase/frequency control device PLL to the 
25 transmission rate to be expected for the data stream ds, and further overhead control 
information CNT_WDl...n for optional protocol-specific evaluation and processing 
of the overhead information arranged in the respective data packets or data frames 
of the data stream ds, cds. The overhead control information CNT_WDl...n can be 
used to evaluate, and if necessary to recalculate, for example, the Bl byte contained 
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in the overhead information in a data stream transmitter using the SDH 
transmission method. 

The control unit STRG is connected via a data bus DB having a number of 
data lines to a memory register MR, which is arranged in the frame identification 
5 unit RD and to which protocol identification information PID 1 . . .n which is stored in 
the memory MEM can in each case be transmitted? and can be stored therein^ 
indicated by a rectangle with a dashed outline. The shift register SR and the 
memory register MR are connected via respective outputs AS, AM and a respective 
number of data lines DLl...n to corresponding inputs EC of a comparator unit 

1 0 COMP. The comparator COMP has comparison means capabilities which are used 
to compare the binary information or data words applied to the inputs EC, and the 
comparison result is transmitted in the form of a data signal int via an output AC 
and a signaling line SCS to an input ES of the control unit STRG. 

The data bus DB is also used to connect the control unit STRG to a register 

15 unit REG, which is connected via first outputs Al and via first control lines SL1 to 
a control input S of the frequency window discriminator FD, via second outputs A2 
and via second control lines SL2 to corresponding control inputs S of the second 
controllable frequency divider T2, via third outputs A3 and third control lines SL3 
to corresponding inputs S of the first controllable frequency divider Tl, and via 

20 fourth outputs A4 and fourth control lines SL4 to corresponding inputs S of the 

voltage controlled oscillator VCO. The register unit REG has one or more memory 
registers (Figure 1 shows only one memory register, in the form of a rectangle with 
a dashed outline) in each of which the control device control information 
PLL_WORDl...n stored in the memory MEM, or control words or binary 

25 information derived from such control information, can be stored, by means of yia 
which the circuitry components^ in this case FD, PD, LF, VCO, Tl and T2 a 
arranged in the phase/frequency control device PLL can be controlled. 
Alternatively, analog signals can be derived from the control words stored in the 
register REG, and can be supplied to the circuitry components. 
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The frame identification unit RD also has a control/monitoring interface SS, 
which is connected to the control unit STRG via a connecting line. 

The method, which can be implemented by means of via the circuit 
arrangement illustrated in Figure 1, for producing a clock signal ts from the digital 
5 data stream ds transmitted with the aid of a transmission protocol optionally allows 
both the manual and automatic selection of a transmission protocol, and 
corresponding presetting of a data transmission rate matched to the selected 
transmission protocol. The method for producing the clock signal ts on the basis of 
manual selection,, also referred to as a manual operating mode^ and on the basis of 

1 0 automatic selection, also referred to as an automatic operating mode - of the 

transmission protocol and of the associated data transmission rate is explained in 
more detail in the following text with reference to the circuit arrangement illustrated 
in Figure 1. For the further exemplary embodiment, it is assumed that the digital 
data stream ds is transmitted with the aid of a frame-oriented transmission protocol 

1 5 in this case STM-1^ to the input ET of the phase/frequency control device (PLL) 
and is passed on to the data input EF of the sampling flipflop AFF. 
Manual operating mode 

During manual operation of the circuit arrangement, the transmission 
protocol with which the digital data stream ds is transmitted to the data input EF of 

20 the sampling flipflop AFF is known. On the basis of the knowledge of the 

transmission protocol, the control unit STRG arranged in the frame identification 
unit RD selects the first table entry tel that is associated with the STM-1 
transmission protocol in the table tab and reads the corresponding control loop 
control information in this case PLL_WORDl 2 from the memory MEM, and 

25 transmits this via the data bus DB to the corresponding register or registers in the 
register unit REG. Alternatively, further control information can be derived from 
the transmitted control loop control information PLL_WORD, and can be stored in 
the corresponding register in the register unit REG. According to a further 
refinement variant embodiment (not illustrated) a number of control words or 

30 control device control information items associated with the STM-1 transmission 
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protocol em also can be stored in the respective table entries tel ...n in the table tab 
(not illustrated in Figure 2), which are transmitted via the data bus DB to 
corresponding registers in the register unit REG. The transmission of the control 
loop control information PLL_WORDl...n stored in the memory MEM allows the 
5 circuitry components VCO, Tl, T2, FD, PD, LF to be preset to the corresponding 
data transmission rate of the incoming digital data stream ds a in this case 
155 Mbit/s. Furthermore, the control unit STRG reads the protocol identification 
information, in this case PID1, associated with the selected transmission protocol, 
in this case STM-1, from the corresponding table entry tel in the table tab, and 

1 0 transmits this via the data bus DB to the memory register MR, in which it is 

temporarily stored, hi this exemplary embodiment, the frame identification word 
which is specific for the STM-1 transmission protocol and comprises includes the 
last Al and the first A2 byte of the overhead information is transmitted as the 
protocol identification information PID1 to the memory register REG. 

1 5 As already explained, the phase locked loop which is arranged in the 

phase/frequency control device PLL is matched to the data transmission rate of the 
incoming digital data stream ds by means of via the control loop control 
information PLL_WORDl stored in the register unit REG. By way of example, the 
transmission of appropriate control information si2,3 via the control lines SL2 and 

20 SL3 sets the controllable frequency dividers Tl, T2 such that the frequency of the 
signal delivered from the voltage controlled oscillator VCO is divided as 
appropriate for matching of the optimum operating point of the phase discriminator 
PD and of the frequency window discriminator FD. Additional control information 
in this case si4, transmitted via the fourth control line SL4 is used to provide any 

25 possibly required presetting or switching of the voltage controlled oscillator VCO. 
According to one alternative refinement variant embodiment of the circuit 
arrangement, a number of voltage controlled oscillators VCO can be arranged in the 
phase/frequency control device PLL, in which case one voltage controlled oscillator 
VCO, which is matched to the data transmission rate of the incoming digital data 
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stream ds, eaa in each can case be selected with the aid of the fourth control signal 
si4. 

According to a further refinement variant embodiment of the circuit 
arrangement, which is not illustrated in Figure 1, the loop filter LF arranged in the 
5 phase/frequency control device PLL is likewise controlled as a function of the 
control loop control information PLL_WORD 1 . . .n stored in the register unit REG. 

The digital data stream cds sampled with the aid of the recovered clock 
signal ts is read to the shift register SR, that is to say the shift register SR contains 
the data bits read with the aid of the recovered clock ts. Alternatively, the data 

10 stream ds which is applied to the input ET but is not sampled ean also can be read 
to the shift register SR, which is clocked by the clock signal ts, via a connecting 
line^ indicated by a dashed connecting line in Figure 1 . 

The bit sequence read to the shift register SR is permanently compared by 
the comparator unit COMP with the protocol identification information, in this case 

15 pidl : temporarily stored in the memory register MR. If the comparator unit COMP 
finds a match or a partial match between the digital bit sequence that is read and the 
protocol identification information pidl, a corresponding control signal int is 
generated in the comparator unit COMP, and is transmitted via the control line SCS 
to the control unit STRG. The transmission of the control information int to the 

20 control unit STRG indicates the identification of the selected transmission protocol 
in this case STM1, and the setting of the associated data transmission rate for the 
phase/frequency control device PLL. 

In order to improve the synchronization of the clock signal ts that is 
produced to the incoming digital data stream ds, according to a further refinement 

25 variant embodiment that is not illustrated, the control unit STRG checks whether 
the protocol identification information, in this case pidl 4 is identified more than 
once, for example three times, in a cycle time which is specific for the selected 
transmission protocol. If the transmission protocol being used means that resulting 
the frame sequence is being asynchronous^ for example when using the Gigabit- 
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Ethernet transmission protocol, this refinement variant embodiment allows the 
pause pattern,, also referred to as the or "Interframe Gap", to be analyzed. 

When the selected or expected protocol identification information pidl is 
identified in the sampled data stream cds, the start of data transmission can be 
5 recorded by means of via the control unit STRG. If there are no periodically 

produced data frames, for example when using the STM-1 transmission protocol, it 
is advantageously possible in conjunction with further parameters, for example loss 
of the signal (LOS) or optical level, to deduce that there is a fault or that this is the 
end of transmission. In the situation where the phase locked loop which is arranged 

1 0 in the phase/frequency control device PLL becomes synchronized to an adj acent 

transmission rate, for example PDH at 140 Mbit/s, the analysis of the incoming data 
frames according to the present invention makes it possible to identify and record 
the fact that the preselected transmission protocol is not being used and/or has not 
been identified. If, for example, the preselected transmission protocol is not 

1 5 identified, termination of the connection can be initiated automatically. 
Automatic operation 

When using the circuit arrangement illustrated in Figure 1 in the automatic 
operating mode, the clock signal ts which is produced by the phase/frequency 
control device PLL should be synchronized without any operator action to the 

20 digital data stream arriving at the data input ET, allowing subsequent "3D data 
regeneration" of the digital data stream ds. For this purpose, all the transmission 
protocols to be expected are stored in the table tab arranged in the memory MEM, 
together with the associated protocol-specific protocol identification information 
pidl...n and the associated control device control information PLL_WORDl...n for 

25 setting the phase/frequency control device PLL to the data transmission rate to be 
expected. When the automatic operating mode is activated, this causes the control 
unit STRG to transmit the protocol identification information PIDl...n and control 
device control information PLL_WORDl...n arranged in the table tab of the 
memory MEM step-by-step in the described manner and cyclically to the register 

30 unit REG and, respectively, to the memory register MR, until the comparator unit 
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COMP identifies a defined transmission protocol stored in the table tab, and signals 
this to the control unit STRG. When a transmission protocol stored in the memory 
MEM is identified, the cyclic processing of the table tab arranged in the memory 
MEM is ended. If the currently selected transmission protocol is not identified, the 
described, successive run through the stored protocol identification information 
PIDl...n and control device control information PLL_WORDl...n is carried out 
once again, after a predefined, protocol-specific delay. 

The automatic protocol search sequence can advantageously be enabled only 
by an operator action. According to a further advantageous refinement embodiment, 
selective enabling can be carried out by selection of the transmission protocols 
stored in the table tab by moans of via an appropriate identifier in the respective 
table entries tel...n. 

In order to further improve the synchronization monitoring, the current state 
of the phase/frequency control device PLL can be detected with the aid of a 
generally known lock detector (not illustrated) which is also arranged in the 
phase/frequency control device PLL, and can be signaled to the control unit STRG. 

The control/monitoring interface SS which is connected to the control unit 
STRG allows the table entries tel ...n which are stored in the memory MEM to be 
processed and updated and, in addition to the monitoring of the respectively 
transmitted transmission protocols, allows the enabling of specific transmission 
protocols to be controlled. The control/monitoring interface SS also makes it 
possible to switch between the described manual or automatic operating modes. The 
control/monitoring interface SS can, for example, be connected to a higher-level 
network administration unit or network management unit so that, for example, it is 
possible for a network operator to monitor and to control the data transmission rate 
of the digital data stream ds arriving at the phase/frequency control device PLL. 

The linking, according to the present invention, of the presetting of the data 
transmission rate to be expected to the phase/frequency control device PLL (which 
is generally known to those skilled in the art) and the checking of the transmission 
protocol used for transmitting the digital data stream by partial evaluation of the 
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overhead information contained in the individual data frames avoids false 
synchronization of the clock signal to side lines, harmonics and subharmonics of 
the data transmission rate. The method according to the present invention also 
makes it possible to distinguish reliably between data transmission rates which are 
separated only slightly, by evaluation of the various overhead information items. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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Method and arrangement for automatically producing 
clock signals for sampling data signals at different 
data rates by means of a phase locked loop 

The high level of transparency of optical networks with 
regard to data transmission rates and the use of 
different transmission methods and transmission 
protocols for the transmission of digital information - 
for example the Synchronous Digital Hierarchy SDH, 
Gigabit-Ethernet, Fiber Channel - requires future 
devices for data regeneration and for reproduction of 
the amplitude, flank and clock of a transmitted digital 
data signal or data stream - also referred to as "3R 
data regeneration" . 

Apparatuses for producing a clock signal from a digital 
data stream or from a data signal stream are known. 
Phase/ frequency control loops or phase locked loops are 
frequently used for clock recovery and, for example, 
comprise a phase discriminator, a frequency 
discriminator, a loop filter, voltage controlled 
oscillators - also referred to as VCOs - and variable 
digital frequency dividers. The function of phase 
locked loops for clock recovery from a digital data 
stream and for sampling of the digital data stream to 
be regenerated by means of a sampling flipflop are 
sufficiently well known to those skilled in the art, so 
that their method of operation will not be described in 
any more detail. 

Various methods for determining the data transmission 
rate of the digital data stream are used to preset the 
phase locked loop. All the methods used in particular 
in wide area networks or WAN communications networks 
are based on more or less exactly determining the 
statistically distributed flank changes in the data 
stream within a defined observation time 
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period. Conclusions can be drawn on the actual data 
transmission rate from the number of flank changes 
identified. These methods are also referred to as flank 
density analyses. Apart from the described flank 
5 density analysis, period duration measurements of 
individual bits are also used for low transmission 
rates . 

By way of example, Laid-Open Specification 
10 DE 197 04 2 99 Al describes an apparatus for producing a 
clock signal from a data signal, and a bit rate 
identification device for determining the bit rate of 
the incoming data signal . The apparatus comprises a 
phase/ frequency control device and a frequency divider 
15 device which is arranged in the feedback part of the 
phase/f requency control device and can be switched by 
means of a data word. The switchable frequency divider 
device is connected to the bit rate identification 
device, to which the digital data stream and at least 
20 one reference frequency signal can be supplied. The bit 
rate identification device provides a bit-rate- 
dependent data word as a function of the applied 
reference frequency signal and the digital data stream 
passed to it, and this is then supplied to the 

2 5 frequency divider device arranged in the 

phase/frequency control device. The described apparatus 
for producing a clock signal from a digital data signal 
or data stream has the disadvantage that the resolution 
of the identification circuit is highly limited, that 

3 0 is to say digital data stream transmission rates which 

differ by less than a factor of 4 cannot be 
distinguished reliably in this way. A further 
disadvantage is the risk of false synchronization to 
side lines in the frequency spectrum during the 
35 transmission of certain data contents - for example 
when transmitting AIS information in SDH signals 
Synchronous Digital Hierarchy. 

The invention is based on the object of improving the 
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production of a clock signal from a transmitted digital 
data signal 
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during a synchronization process and, in particular, 
the synchronization of the clock signal to the incoming 
digital data signal. The object is achieved by a method 
and by an arrangement based on a method and an 
5 arrangement according to the features of the 
precharacterizing clause of patent claims 1 and 5, by 
virtue of the characterizing features in these claims. 

The method according to the invention provides for 
10 automatic production of clock signals for sampling data 
signals at different data rates by means of a phase 
locked loop. The major aspect of the method according 
to the invention is that, during a synchronization 
process, the data signal is sampled successively using 
15 a clock signal at different frequencies, which are 
associated with different transmission protocols, and 
is checked for the presence of protocol identification 
information associated with the selected clock signal, 
until protocol identification information is detected. 

20 

The major advantage of the method according to the 
invention is that the link between the detection of the 
transmission rate of the transmitted digital data 
signal and the detection of the transmission protocol 

2 5 that is matched to the frequency of the digital data 

signal or of the clock signal that is produced avoids 
false synchronization of the clock signal that is 
produced to side lines, harmonics and subharmonics of 
the transmission frequency or transmission rate of the 
30 data signal. The method according to the invention also 
makes it possible to distinguish reliably between 
transmission rates that are arranged adjacent in the 
frequency domain - for example, distinguishing between 
"Gigabit -Ethernet " at a transmission rate of 

3 5 1.2 5 Gbit/s and "Fiber Channel" at a transmission rate 

of 1.064 Gbit/s. A further advantage of the method 
according to the invention is that it allows the 
transmission rate to be set automatically to "3R data 
regeneration" for frame-oriented transmission methods, 
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identification of the respective transmission protocol. 
In future optical communication networks, the method 
according to the invention will allow not only pure 
wavelength conversion by means of flexible "3R data 
regeneration", but also analysis of the respectively 
transmitted digital data signals or data streams - for 
example for the preprocessing of statistics, in order 
to provide network planning, or for volume -dependent 
billing . 

Further advantageous refinements of the method 
according to the invention, and an arrangement for 
automatically producing clock signals, can be found in 
the further claims. 

The method according to the invention will be explained 
in more detail in the following text with reference to 
the drawings, in which: 

Figure 1 shows a circuit arrangement for producing a 
clock signal, according to the invention, 
from a transmitted digital data stream, and 

Figure 2 shows an example of a tabular representation 
of the binary information which is required 
to carry out the method according to the 
invention and is stored in a memory in the 
circuit arrangement. 

Figure 1 uses a block diagram to show an exemplary 
embodiment of a circuit arrangement for producing a 
clock signal ts from a digital data signal or data 
stream ds passed to it. The circuit arrangement 
illustrated in Figure 1 is subdivided into two 
functional circuit units PLL, RD, which are each 
represented by a rectangle with a dashed-dotted 
outline. The first functional circuit unit comprises a 
phase/ frequency control device (PLL) , which is 
generally known to those skilled in the art and is also 
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referred to as a phase locked loop or PLL circuit, and 
the second circuit unit comprises a frame 
identification RD, which is connected to the 
phase/frequency control device (PLL) 
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and is also referred to in the following text as frame 
detector . 

A digital data stream ds transmitted with the aid of a 
5 transmission protocol is passed to one input ET of the 
phase/ frequency control device PLL and is passed on to 
an input EF of a sampling flipflop AFF . In the 
exemplary embodiment, it is assumed that the data 
stream ds is transmitted in accordance with the 

10 Synchronous Digital Hierarchy - SDH. The Synchronous 
Digital Hierarchy is based on synchronous transmission 
of user information using synchronous transport modules 
- also referred to as STM - with a standard structure. 
The basic transport module is the STM-1 frame, with a 

15 data transmission rate of 155 Mbit/s. Each STM-1 frame 
comprises a matrix of 9 rows each having 2 70 data 
octets. The frame has a repetition frequency of 125 us, 
and the transmission is carried out at a bit rate of 
155.520 Mbit/s. The STM-1 frame is inserted into a 

20 payload and an overhead, with the first 9 octets in all 
9 rows containing the overhead, and the remaining 
columns containing the payload. The overhead contains 
information which is required to operate SDH systems, 
and these are also referred to as section overheads - 

2 5 SOH - and are transported in the SOH areas of the 

overhead. The SOH areas contain, for example, the Al 
and A2 bytes, which are known to those skilled in the 
art, and which each represent frame identification 
information . 

30 

The data input ET of the phase/ frequency control device 
PLL is at the same time connected to a first input EP 
of a discriminator unit DE . A reference signal f Re f at a 
reference frequency is passed to a second input EF of 

3 5 the discriminator unit DE. The discriminator unit DE is 

functionally subdivided into two components, a phase 
discriminator PD and a frequency window discriminator 
FD - each indicated by a rectangle with a dashed 
outline . 
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The discriminator unit DE is connected via an output AP 
to an input EL of a loop filter LF, which is in turn 
connected via an output AL to an input EV of a voltage 
controlled oscillator VCO. A first and a second 
5 variable digital frequency divider T1,T2 is each 
connected via an input ET to an output AV of the 
voltage controlled oscillator VCO. The first digital 
frequency divider Tl is connected to a clock input CLK 
of the phase discriminator PD, and the second digital 

10 frequency divider T2 is connected to a divider input 
ETF of the frequency window discriminator FD, in each 
case via an output AT. The described discriminator unit 
DE, comprising a phase window discriminator PD and a 
frequency window discriminator FD, as well as the loop 

15 filter LF, the voltage controlled oscillator VCO and 
the two variable digital frequency dividers Tl, T2 are 
functional components of a generally known phase locked 
loop, whose function for recovery of the clock from the 
data stream ds passed to it in addition to the sampling 

2 0 of the data stream ds to be regenerated in conjunction 

with the sampling flipflop AFF are sufficiently well 
known to those skilled in the art, and will not be 
described in any more detail in the following text. 

25 The phase/ frequency control device PLL has a clock 
output CA which is connected to the output AT of the 
first frequency divider Tl, and to which the clock 
signal ts which is produced is passed. The output AT of 
the first frequency divider Tl is in turn connected to 

3 0 a clock input CLK of the sampling flipflop AFF. The 

sampling flipflop AFF is connected via an output AF to 
a data output AT of the phase/ frequency control device 
PLL, to which the data stream cds, regenerated by means 
of the sampling flipflop AFF, is passed. Furthermore, 
35 the output AF of the sampling flipflop AFF is connected 
to an input ES of a shift register SR arranged in the 
frame identification unit RD . The shift register SR has 
a clock input CLK, which is connected to the output AT 
of the first frequency divider Tl . 
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Furthermore, a memory MEM is arranged in the frame 
identification unit RD and is connected via a 
connecting line to a control unit STRG arranged in the 
frame identification unit RD. A table tab, illustrated 
5 in Figure 2, is stored in the memory MEM. The 
illustrated table tab has a number of table entries 
tel...n, with each table entry tel. . .n having a 
respectively associated, defined transmission protocol. 
Each table entry tel...n is used to store protocol 

10 identification information PIDl...n which uniquely 
identifies the respectively defined transmission 
protocol - for example the frame identification 
information contained in the overhead information, in 
this case the Al and A2 bytes - control loop control 

15 information PLL_W0RD1 . . . n for setting the 

phase/ frequency control device PLL to the transmission 
rate to be expected for the data stream ds, and further 
overhead control information CNT_WD1 . . . n for optional 
protocol -specific evaluation and processing of the 

20 overhead information arranged in the respective data 
packets or data frames of the data stream ds, cds . The 
overhead control information CNT_WDl...n can be used to 
evaluate, and if necessary to recalculate, for example 
the Bl byte contained in the overhead information in a 

25 data stream transmitter using the SDH transmission 
method. 

The control unit STRG is connected via a data bus DB 
having a number of data lines to a memory register MR, 

30 which is arranged in the frame identification unit RD 
and to which protocol identification information 
PIDl...n which is stored in the memory MEM can in each 
case be transmitted, and can be stored therein 
indicated by a rectangle with a dashed outline. The 

35 shift register SR and the memory register MR are 
connected via respective outputs AS, AM and a 
respective number of data lines DL1 . . . n to 
corresponding inputs EC of a comparator unit COMP. The 
comparator COMP has comparison 
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means which are used to compare the binary information 
or data words applied to the inputs EC, and the 
comparison result is transmitted in the form of a data 
signal int via an output AC ' and a signaling line SCS to 
5 an input ES of the control unit STRG. 

The data bus DB is also used to connect the control 
unit STRG to a register unit REG, which is connected 
via first outputs Al and via first control lines SL1 to 

10 a control input S of the frequency window discriminator 
FD, via second outputs A2 and via second control lines 
SL2 to corresponding control inputs S of the second 
controllable frequency divider T2 , via third outputs A3 
and third control lines SL3 to corresponding inputs S 

15 of the first controllable frequency divider Tl, and via 
fourth outputs A4 and fourth control lines SL4 to 
corresponding inputs S of the voltage controlled 
oscillator VCO. The register unit REG has one or more 
memory registers - Figure 1 shows only one memory 

2 0 register, in the form of a rectangle with a dashed 
outline - in each of which the control device control 
information PLL_W0RD1 . . . n stored in the memory MEM, or 
control words or binary information derived from such 
control information, can be stored, by means of which 

25 the circuitry components - in this case FD, PD, LF, 
VCO, Tl and T2 - arranged in the phase/ frequency 
control device PLL can be controlled. Alternatively, 
analog signals can be derived from the control words 
stored in the register REG, and can be supplied to the 

30 circuitry components. 

The frame identification unit RD also has a 
control/monitoring interface SS, which is connected to 
the control unit STRG via a connecting line. 

35 

The method, which can be implemented by means of the 
circuit arrangement illustrated in Figure 1, for 
producing a clock signal ts from the digital data 
stream ds transmitted with, the aid of a transmission 
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protocol optionally allows both the 
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manual and automatic selection of a transmission 
protocol, and corresponding presetting of a data 
transmission rate matched to the selected transmission 
protocol. The method for producing the clock signal ts 
5 on the basis of manual selection - also referred to as 
a manual operating mode - and on the basis of automatic 
selection - also referred to as an automatic operating 
mode - of the transmission protocol and of the 
associated data transmission rate is explained in more 

10 detail in the following text with reference to the 
circuit arrangement illustrated in Figure 1. For the 
further exemplary embodiment, it is assumed that the 
digital data stream ds is transmitted with the aid of a 
frame -oriented transmission protocol - in this case 

15 STM-1 - to the input ET of the phase/ frequency control 
device (PLL) and is passed on to the data input EF of 
the sampling flipflop AFF . 

Manual operating mode 

20 

During manual operation of the circuit arrangement, the 
transmission protocol with which the digital data 
stream ds is transmitted to the data input EF of the 
sampling flipflop AFF is known. On the basis of the 

25 knowledge of the transmission protocol, the control 
unit STRG arranged in the frame identification unit RD 
selects the first table entry tel that is associated 
with the STM-1 transmission protocol in the table tab 
and reads the corresponding control loop control 

3 0 information - in this case PLL_W0RD1 - from the memory 
MEM, and transmits this via the data bus DB to the 
corresponding register or registers in the register 
unit REG. Alternatively, further control information 
can be derived from the transmitted control loop 

3 5 control information PLL_WORD, and can be stored in the 
corresponding register in the register unit REG. 
According to a further refinement variant - not 
illustrated - a number of control words or control 
device control information items associated with the 
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STM-1 transmission protocol can also be stored in the 
respective table entries tel...n in the table tab - not 
illustrated in Figure 2 -, which are 
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transmitted via the data bus DB to corresponding 
registers in the register unit REG. The transmission of 
the control loop control information PLL_W0RD1 . . . n 
stored in the memory MEM allows the circuitry 
5 components VCO, Tl , T2 , FD, PD, LF to be preset to the 
corresponding data transmission rate of the incoming 
digital data stream ds - in this case 155 Mbit/s. 
Furthermore, the control unit STRG reads the protocol 
identification information - in this case PID1 

10 associated with the selected transmission protocol - in 
this case STM-1 - from the corresponding table entry 
tel in the table tab, and transmits this via the data 
bus DB to the memory register MR, in which it is 
temporarily stored. In this exemplary embodiment, the 

15 frame identification word which is specific for the 
STM-1 transmission protocol and comprises the last Al 
and the first A2 byte of the overhead information is 
transmitted as the protocol identification information 
PID1 to the memory register REG. 

20 

As already explained, the phase locked loop which is 
arranged in the phase/frequency control device PLL is 
matched to the data transmission rate of the incoming 
digital data stream ds by means of the control loop 

25 control information PLL_W0RD1 stored in the register 
unit REG. By way of example, the transmission of 
appropriate control information si2 , 3 via the control 
lines SL2 and SL3 sets the controllable frequency 
dividers Tl , T2 such that the frequency of the signal 

3 0 delivered from the voltage controlled oscillator VCO is 
divided as appropriate for matching of the optimum 
operating point of the phase discriminator PD and of 
the frequency window discriminator FD . Additional 
control information - in this case si4 - transmitted 

3 5 via the fourth control line SL4 is used to provide any 
possibly required presetting or switching of the 
voltage controlled oscillator VCO. According to one 
alternative refinement variant of the circuit 
arrangement, a number of voltage controlled oscillators 
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the phase/frequency control 
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one voltage controlled oscillator VCO, which is matched 
to the data transmission rate of the incoming digital 
data stream ds, can in each case be selected with the 
aid of the fourth control signal si4 . 

5 

According to a further refinement variant of the 
circuit arrangement, which is not illustrated in Figure 
1, the loop filter LF arranged in the phase/frequency 
control device PLL is likewise controlled as a function 
10 of the control loop control information PLL_WORDl . . . n 
stored in the register unit REG. 

The digital data stream cds sampled with the aid of the 
recovered clock signal ts is read to the shift register 
15 SR, that is to say the shift register SR contains the 
data bits read with the aid of the recovered clock ts. 
Alternatively, the data stream ds which is applied to 
the input ET but is not sampled can also be read to the 
shift register SR, which is clocked by the clock signal 

2 0 ts, via a connecting line - indicated by a dashed 

connecting line in Figure 1. 

The bit sequence read to the shift register SR is 
permanently compared by the comparator unit COMP with 
25 the protocol identification information - in this case 
pidl - temporarily stored in the memory register MR. If 
the comparator unit COMP finds a match or a partial 
match between the digital bit sequence that is read and 
the protocol identification information pidl, a 

3 0 corresponding control signal int is generated in the 

comparator unit COMP, and is transmitted via the 
control line SCS to the control unit STRG. The 
transmission of the control information int to the 
control unit STRG indicates the identification of the 
35 selected transmission protocol - in this case STM1 - 
and the setting of the associated data transmission 
rate for the phase/ frequency control device PLL. 
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In order to improve the synchronization of the clock 
signal ts that is produced to the incoming digital data 
stream ds, according to a further refinement variant 
that is not illustrated, the control unit STRG checks 
5 whether the protocol identification information - in 
this case pidl - is identified more than once, for 
example three times, in a cycle time which is specific 
for the selected transmission protocol. If the 
transmission protocol being used means that the frame 
10 sequence is asynchronous - for example when using the 
Gigabit-Ethernet transmission protocol - this 
refinement variant allows the pause pattern - also 
referred to as the "Interframe Gap" - to be analyzed. 

15 When the selected or expected protocol identification 
information pidl is identified in the sampled data 
stream cds, the start of data transmission can be 
recorded by means of the control unit STRG. If there 
are no periodically produced data frames - for example 

2 0 when using the STM-1 transmission protocol - it is 

advantageously possible in conjunction with further 
parameters - for example loss of the signal (LOS) or 
optical level - to deduce that there is a fault or that 
this is the end of transmission. In the situation where 
25 the phase locked loop which is arranged in the 
phase/frequency control device PLL becomes synchronized 
to an adjacent transmission rate - for example PDH at 
14 0 Mbit/s - the analysis of the incoming data frames 
according to the invention makes it possible to 

3 0 identify and record the fact that the preselected 

transmission protocol is not being used and/or has not 
been identified. If, for example, the preselected 
transmission protocol is not identified, termination of 
the connection can be initiated automatically. 

35 

Automatic operation 

When using the circuit arrangement illustrated in 
Figure 1 in the automatic operating mode, the clock 
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signal ts which is produced by the phase/f requency 
control device PLL should 
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be synchronized without any operator action to the 
digital data stream arriving at the data input ET, 
allowing subsequent "3D data regeneration" of the 
digital data stream ds . For this purpose, all the 
5 transmission protocols to be expected are stored in the 
table tab arranged in the memory MEM, together with the 
associated protocol-specific protocol identification 
information pidl...n and the associated control device 
control information PLL_W0RD1 . . . n for setting the 

10 phase/frequency control device PLL to the data 
transmission rate to be expected. When the automatic 
operating mode is activated, this causes the control 
unit STRG to transmit the protocol identification 
information PIDl...n and control device control 

15 information PLL_WORDl . . . n arranged in the table tab of 
the memory MEM step -by- step in the described manner and 
cyclically to the register unit REG and, respectively, 
to the memory register MR, until the comparator unit 
COMP identifies a defined transmission protocol stored 

20 in the table tab, and signals this to the control unit 
STRG. When a transmission protocol stored in the memory 
MEM is identified, the cyclic processing of the table 
tab arranged in the memory MEM is ended. If the 
currently selected transmission protocol is not 

25 identified, the described, successive run through the 
stored protocol identification information PIDl...n and 
control device control information PLL_W0RD1 . . . n is 
carried out once again, after a predefined, protocol - 
specific delay. 

30 

The automatic protocol search sequence can 
advantageously be enabled only by an operator action. 
According to a further advantageous refinement, 
selective enabling can be carried out by selection of 
35 the transmission protocols stored in the table tab by 
means of an appropriate identifier in the respective 
table entries tel...n. 
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In order to further improve the synchronization 
monitoring, the current state of the phase/frequency 
control device PLL can be detected with the aid of a 
generally known lock detector - not illustrated - which 
5 is also arranged in the phase/f requency control device 
PLL, and can be signaled to the control unit STRG. 

The control /monitoring interface SS which is connected 
to the control unit STRG allows the table entries 

10 tel. . .n which are stored in the memory MEM to be 
processed and updated and, in addition to the 
monitoring of the respectively transmitted transmission 
protocols, allows the enabling of specific transmission 
protocols to be controlled. The control/monitoring 

15 interface SS also makes it possible to' switch between 
the described manual or automatic operating modes. The 
control /monitoring interface SS can, for example, be 
connected to a higher- level network administration unit 
or network management unit so that, for example, it is 

2 0 possible for a network operator to monitor and to 

control the data transmission rate of the digital data 
stream ds arriving at the phase/f requency control 
device PLL. 

25 The linking, according to the invention, of the 
presetting of the data transmission rate to be expected 
to the phase/f requency control device PLL (which is 
generally known to those skilled in the art) and the 
checking of the transmission protocol used for 

3 0 transmitting the digital data stream by' partial 

evaluation of the overhead information contained in the 
individual data frames avoids false synchronization of 
the clock signal to side lines, harmonics and 
subharmonics of the data transmission rate. The method 
3 5 according to the invention also makes it possible to 
distinguish reliably between data transmission rates 
which are separated only slightly, by evaluation of the 
various overhead information items. 
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1. A method for automatically producing clock signals 
(ts) for sampling data signals (ds) at different data 

5 rates by means of a phase locked loop (PLL) , 
characterized 

in that, during a synchronization process, the data 
signal (cds, ds) is sampled successively using a clock 
signal (ts) at different frequencies, which are 
10 associated with different transmission protocols, and 
is checked for the presence of protocol identification 
information (PIDl...n) associated with the selected 
clock signal (ts) , until protocol identification 
information (PIDl...n) is detected. 

15 

2. The method as claimed in claim 1, 
characterized 

in that the protocol identification information 
(PIDl...n) is included in the overhead of a data frame. 

20 

3. The method as claimed in claim 1 or 2 , 
characterized 

in that the protocol identification information 
(PIDl...n) represents a pause signal. 

25 

4. The method as claimed in claim 2 or 3 , 
characterized 

in that, once the transmission protocol being used has 
been detected, protocol-specific processing of at least 
3 0 some of the respective overhead information is carried 
out . 

5. An arrangement for automatically producing clock 
signals (ts) for sampling data signals (ds) , which are 

35 transmitted with the aid of transmission protocols, at 
different data rates, with the data signals (ds) having 
at least one binary protocol identification information 
item (PIDl...n) which uniquely identifies the 
transmission protocol, 
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- having a phase locked loop (PLL) for synchronization 
of the clock signal (ts) to the digital data signal 
(ds) passed to the phase/ frequency control device, 

- having at least one controllable frequency divider 
5 device (Tl, T2) which is arranged in the feedback 

path of the phase/ frequency device (PLL) , 

- having sampling means (AFF, SR.) for sampling the 
digital data signal (ts) with the aid of the clock 
signal (ts) , 

10 characterized 

- in that a control unit (STRG, REG) is provided, which 
sets the clock signal (ts) to a frequency which 
corresponds to a transmission protocol, 

- in that a protocol detector (RD) is provided, in 
15 which the control unit (STRG, REG) is arranged and 

which stores at least a portion of the sampled data 
signal (cds, ds) and investigates it for protocol 
identification information (PIDl...n) and transmits 
the investigation result to the control unit (STRG) , 
2 0 which, if there is no protocol identification 

information (PIDl...n), selects further defined 
frequencies for the clock signal (ts) until protocol 
identification information (PIDl...n) is identified 
in the sampled data signal (cds, ds) . 

25 

6. The arrangement as claimed in claim 5, 
characterized 

- in that memory means (MEM) , which are connected to 
the control unit (STRG, REG) , are arranged in the 

30 protocol detector (RD) in order to store at least one 
binary protocol identification information item 
(PIDl...n) and at least one control device control 
information item (PLL_WORDl . . . n) which is associated 
with the respective protocol identification 

35 information item (PIDl...n) and controls the phase 
locked loop (PLL) on a protocol-specific basis, 

- in that the control unit (STRG, REG) has means for 
forming at least one control signal (sil...4) from 
the at least one control device control information 
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which is associated with the protocol identification 
information item (PIDl...n), with the at least one 
control signal (sil...4) being transmitted to the 
phase locked loop (PLL) , 
5 - in that detector means (SR, COMP, MR) , which are 
connected to the control unit (SGRG, REG) are 
arranged in the protocol detector (RD) for detection 
of the stored protocol identification information 
(PIDl...n) which is stored and is associated with the 
10 at least one control device control information item 

(PLL_W0RD1 . . . n) in the sampled data signal (cds, ds) , 

- in that the detector means (SR, COMP, MR) have signal 
production means for producing a control signal (int) 
which represents the detection result and is 

15 transmitted to the control unit (STRG, REG) , and 

- in that the control unit (STRG, REG) is designed such 
that at least one control signal (sil,3), which 
represents a frequency divider control information 
item, is formed from the at least one stored control 

20 device control information item (PLL_W0RD1 . . . n) , and 

is transmitted to the at least one frequency divider 
device (Tl, T2) . 

7. The arrangement as claimed in claim 6, 

25 characterized 

in that the control unit (STRG, REG) is designed such 
that, if there are a number of protocol identification 
information items (pidl...n) stored in the memory means 
(MEM) , the control device control information items 

30 (PLL_W0RD1 . . . n) associated with them are transmitted 
successively to the phase locked loop (PLL) , and the 
respectively associated protocol identification 
information items (PIDl...n) are detected successively 
in the sampled data stream (ds, cds) , with the control 

35 device control information items (PLL_WORDl . . . n) being 
transmitted successively as a function of the detection 
result . 
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8. The arrangement as claimed in claim 6 or 7, 
characterized 

- in that the detector means (SR, COMP, MR) have 

--a shift register (SR) to which the sampled data 

signal or the data signal (cds, ds) and the clock 

signal (ts) are passed, 
--a comparator (COMP) which is connected to the shift 

register (SR) and to the control unit (STRG, REG) , 

and 

--a memory register (MR), which is connected to the 
comparator (COMP) and to the control unit (STRG) for 
temporary storage of protocol identification 
information (PIDl...n), and 

- in that the comparator (COMP) is designed such that 
the protocol identification information (PIDl...n) 
stored in the memory register (MR) is compared with 
the digital data signal (cds, ds) read to the shift 
register (SR) , and the comparison result is 
transmitted to the control unit (STRG) with the aid 
of the control signal (int) . 

9. The arrangement as claimed in one of claims 6 to 8 , 
characterized 

- in that different protocol identification information 
items (PIDl...n) and overhead control information 
items (CNT_WD1 . . .n) associated with them are stored 
in the memory means (MEM) , 

- in that the sampled data signal (cds, ds) is supplied 
to an overhead processing unit, which is connected to 
the control unit (STRG, REG) , for processing 
protocol -specif ic overhead information included in 
the data signal (cds, ds) , and 

- in that the overhead processing unit and the control 
unit (STRG, REG) are designed such that the overhead 
information is processed as a function of the at 
least one overhead control information item 
(CNT_WD1 . . .n) associated with the detected 
transmission protocol. 
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10. The arrangement as claimed in one of claims 6 to 9, 
characterized 

in that the control unit (STRG, REG) is connected to a 
control/monitoring interface (SS) , via which 
5 - the information (PIDl...n, PLL_WORDl . . . n, 

CNT_WDl...n) stored in the memory means (MEM) can be 
updated, and/or 
- detection results can be transmitted to a higher- 
level communications unit. 

10 

11. The arrangement as claimed in one of claims 6 to 
10, 

characterized 

in that a number of voltage controlled oscillators 
15 (VCO) can be selected as a function of the control 
device control information (PLL_W0RD1. . .n) . 

12 . The arrangement as claimed in one of claims 6 to 
11, • 

20 characterized 

in that a frequency window discriminator (FD) is 
provided in the phase locked loop (PLL) , which defines 
the frequency of the clock signal (ts) as a function of 
the control device control information (PLL_WORDl . . . n) 

25 and is likewise set by the control unit (STRG, REG) . 

13 . The arrangement as claimed in one of claims 5 to 
12, 

characterized 

30 in that a loop filter (LF) is provided in the phase 
locked loop (PLL) , and is set by the control unit 
(STRG) . 

14 . The arrangement and method as claimed in one of the 
35 preceding claims, 

characterized 

in that the transmission protocol represents an STM-1, 
STM-4, STM-16, fiber channel or Gigabit -Ethernet 
protocol . 
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Abstract 



Method and arrangement for automatically producing 
clock signals for sampling data signals at different 
5 data rates by means of a phase locked loop 

In a synchronization process by means of the phase 
locked loop (PLL) , a data signal (cds, ds) is sampled 
successively using a clock signal (ts) at different 

10 frequencies, which are associated with different 
transmission protocols, and is checked for the presence 
of protocol identification information (PIDl...n) 
associated with the selected clock signal (ts) , until 
protocol identification information (PIDl...n) is 

15 detected. The frequency resolution of the phase locked 
loop (PLL) is advantageously increased, and the 
synchronization of the clock signal (ts) to the data 
signal (ds) is thus improved. 

2 0 FIGURE 1 
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Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Gewinnunq von Taktsianalen zur 
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unterschiedlicher Datenraten mit Hilfe 



eines Phasenreaelkreises 



deren Beschreibung 

(zutreffendes ankreuzen) 
□ hier beigefugt ist. 

am 01.03.2000 als 
PCT internationale Anmeldung 

PCT Anmeldungsnummer PCT/DE00/00641 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent Oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Production of clock signals for sampling 
data signals with different rates using a 
phase-locking loop 



the specification of which 

(check one) 
□ is attached hereto. 
"3 was filed on 01.03.2000 



PCT international application 
PCT Application No. PCT/DE00/00641 
and was amended on 



(if applicable; 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application ir 
accordance with Title 37, Code of Federal Regulations 
§1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 



PTO-FB-240 (8-83) 
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(Nummer) (Land) (Tag Monat Jahr eingereicht) 
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Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeSordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


PCT/DE00/00641 01.03.2000 


anhanaia 


pending 


(Application Serial No.) (Filing Date D, M, Y) 
(Anmeldeseriennummer) (Anmeldedatum T, M, J) 


(Status) 

(patentiert, anhangig, 
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(Status) 

(patented, pending, 
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(Application Serial No.) (Filing Date D,M,Y) 
(Anmeldeseriennummer) (Anmeldedatum T, M; J) 


(Status) 

(patentiert, anhangig, 
aufgeben) 


(Status) 
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abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mrt Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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